We study a quantized Einstein-Cartan gravity and its ultraviolet unstable (stable) fixed 
pointḡ c and is attracted into the scaling region of UV-stable fixed point g c with physical operators relevant to the Einstein theory for classical gravitational field at large distances
where "· · ·" stands for matter fields and possible relevant high-dimensional operators, G and Λ are the running gravitational and cosmological constants whose present values are G 0 = a 2 pl and ρ 0 Λ = Λ 0 /8πG 0 . In particular, the following points are discussed: (i) due to the nature of two dimensional (2-d) area operator for quantum gravity action at short distances, the cosmological constant Λ ∝ ξ −2 , where ξ is the correlation length and becomes invariant in the scaling region of UV-stable fixed point g c ; (ii) inflation can possibly occurs in the neighborhood of the UV-unstable fixed pointḡ c ≈ 0, and universe evolves fromḡ c to g c following RG-flow asã → a pl ; (iii) the present universe is in the scaling region of the UV-stable fixed point g c with the scaling law ξ = ξ [ã, g(ã) ], the cosmic scaling factor a = a(ξ,ã) ∝ ξ/ã and the relation of cosmological and gravitational constants Λ = Λ [ξ, g(ã) ] determined by the generalized Bianchi identity. The last point can be quantitatively checked by the low redshift supernova Type Ia.
Gauge theory of gravitational field and its correlation length. The basic gravitational variables in the EC theory constitute a pair of tetrad and spin-connection fields [e a µ (x), ω ab µ (x)], whose Dirac-matrix values e µ (x) = e a µ (x)γ a and ω µ (x) = ω ab µ (x)σ ab . Analogously to the Wilsonloop defined in non-abelian gauge theories, we introduce the vertex field v µν (x) ≡ γ 5 σ ab (e a µ e b ν − e a ν e b µ )/2, and define the diffeomorphism and local gauge-invariant holonomy field [11] X C (e, ω) = P C tr exp ig
along the loop C on the 4-d Euclidean manifold, where g is the gravitational gauge coupling. In the simplicial complex with basic space-time cutoffã, we regularize and quantize the EC theory, introducing the SO(4) group-valued spin-connection field U µ (x) = e igãωµ(x) , and the smallest holonomy field X h (v, U ) along the closed triangle path of the 2-simplex h(x) (see Eqs. 120, 124 and 134 in
Ref. [11] )
and the partition function Z EC (ã, g) = DeDU exp −A EC , h∈M is the sum over all 2-simplices h(x) of the simplicial complex. In this framework there are only two fundamental "parameters": the connection field-strength gω µ and 2-d area-operatorã 2 (e µ ∧ e ν )/2. In the naive continuum limit of In the scaling region of UV-stable fixed point, the correlation length ξ ≫ã and the Kadanoff-
Wilson approach leads to RG-equations for basic relevant operators. The RG-invariant ξ characterizes the size of dominantly nonvanishing holonomy fields [12] 
where DA(C) is the functional measure of all possible surface-area A(C) bound by the loop C.
In the context of quantum field theory realized in this scaling region, the area law (5) Although we argue that Λ ∝ξ −2 in a non-scaling region and Λ ∝ ξ −2 in a scaling region, the relation of cosmological and gravitational constants Λ = Λ[ξ, g(ã)] will be determined by the generalized Bianchi identity.
The UV-unstable and stable fixed points. The regularized EC action (3) is actually the ratio of activation energy per X h (triangle area operator) and g 2 . In the weak coupling limit g ∼ḡ c ≈ 0, all quantum fields of gravity and matter are approximately decoupled, {e, U } fields are frozen to the configurations of randomly fluctuating and uncorrelated fields at the cutoffã with a large entropy, otherwise the amplitude of configurations {e, U }, i.e., the partition function (3) would vanish. This implies [12] that (i) a disorder phase X h = 0 atḡ c ≈ 0, where X h are suppressed by their activation energies ∼ã −1 , and scaling invariance does not hold as the correlation length ξ > ∼ã ; (ii) for g > ∼ 0, X h start to activate, X h > ∼ 0; (iii) as the space-time cutoffã becomes smaller (ã → a pl ), more and more degrees of freedom {e, U } are involved and the activation energy (per X h ) increases, leading to the increasing coupling g away fromḡ c ≈ 0 so that the partition function (3) would not be suppressed. This implies thatḡ c ≈ 0 be a UV-unstable fixed point. Beside, as the coupling g increases, more and more X h are interacting and correlated, the correlation length ξ increases and Λ ∝ξ −2 decreases. This feature can also be seen from the perturbation result [8] of positive one-loop β-function β( including gravity were unified with strength < ∼ḡ c , to the phase of grant unification theory (GUT).
Asã → a pl , the increasing coupling g enters the large coupling region, X C are not suppressed because the smallest loops X h undergo condensation by jointing together side by side to form surfaces whose boundaries appears as large loops X C , whose surface-area proliferates and becomes macroscopically large with the correlation length ξ ≫ã and area ξ 2 ≫ã 2 . As a result, the system undergoes a second-order phase transition at a critical coupling g c , and we approximately obtained [12] the scaling law
the critical coupling (1) and critical exponent ν = 1 of UV-stable fixed point.
In its scaling region, the scaling invariance holds for ξ ≫ã, the classical EC field theory with finite numbers of relevant operators (e.g. Λ and R terms) are realized in the sense of asymptotic safety. The RG-invariant correlation length ξ, equivalently the lowest lying mass scale m = ξ −1 of classical gravitational fields, characterizes the infrared size (L ∼ ξ) of a causally correlate patch of the entire universe. These discussions indicate that a classical gravitational field theory (Λ ∝ ξ −2 and R ∝ ξ −2 ) at long distances ξ is realized in the scaling region of UV-stable fixed point G ≈ G 0 of a quantum gravitational field theory regularized at short distancesã ≪ ξ.
Since fixed points should be universal for ξ ≫ã, independent of regularization schemes, we expect that the nontrivial UV-stable fixed point g c of gravitational gauge coupling should relate
Refs. [5] [6] [7] [8] . However, analogously to Λ QCD , the cosmological constant Λ ∝ ξ −2 of Eq. (6) In what follows, we shall discuss the possible scenario that asã → a pl , inflation first starts from the UV-unstable fixed pointḡ c ≈ 0 in the early universe, then go all way to the present universe, that has been in the scaling region of the UV-stable fixed point g c , obeying the scaling law ξ = ξ[ã, g(ã)] of Eq. (6), the Einstein equation for cosmic scaling factor a = a(ξ,ã), and the generalized Bianchi identity for the relation of cosmological and gravitational constants Λ = Λ [ξ,ã, g(ã) ]. This scenario is different from that discussed in Refs. [10] , where the universe evolution follows the RG flow going away from the non-Gaussian fixed point (g * , λ * ) of high energies (k → ∞) to the RGbranch of low energies (k → 0) for the present universe. Needless to say, it is deserved further and much effort to study the applications of asymptotic safety of gravitational theory to the universe evolution.
The scaling region of UV-stable fixed point for the present universe. We assume that the present universe has already been in the scaling region of UV-stable fixed point g c . Namely, g → g c
andã → a pl , physical quantities m(g,ã) are invariant and should satisfy the renormalization-group
where the UV-cutoff µ = π/ã. In the neighborhood of the critical point g c , the coupling g(ã) and β-function can be generally expanded as a series (ξ ≫ã > a pl )
where β(g c ) = 0, β ′ (g c ) = −1/ν and critical exponent ν > 0. The β-function β ′ (g c )(g − g c ) > 0 for g < g c indicates the UV-stable fixed point g c as g → g c andã → a pl . Assuming m = ξ −1 , as the solution to Eq. (7), one obtains that the correlation length ξ follows the scaling law [cfr Eq. (6)]
which is invariant and represents an intrinsic scale of the theory in the scaling region for the present universe a ∼ a 0 , Λ ∼ Λ 0 and H 2 ∼ H 2 0 . The correlation length ξ should be the same order of the spatial size L (infrared cutoff) of causally correlated universe at each time foliation t = const. in the 4-d spacetime, where the flat (k = 0) spatial section of the Robertson-Walker geometry ds 2 = a 2 (t)dx 2 with rotation and translation symmetries. This implies that the cosmic scaling factor a(t) ∝ ξ/ã(t) that measures the stretching of 3-d manifold. We consider the evolution of universe in the scaling region: (i) g < ∼ g 0 < ∼ g c and a < ∼ a 0 < a c in the past; (ii) g 0 < ∼ g < ∼ g c and a 0 < a < a c in the future, where g(a c ) = g c and the present value g(a 0 ) = g 0 ≈ 4/3. For two different values a and a 0 of the scaling factor, the scaling law (10) yields
and the ratio of two equations leads to the running coupling as a function of the scaling factor
where ln(a 0 /a) ≪ 1 and δ G = (g c /g 0 − 1)2/ν > 0 [15] . Eq. (12) shows that in the past a < ∼ a 0 , a ր a 0 and g ր g 0 ; in the remote future a/a 0 ≫ 1 and g/g 0 > 1, g ր g c and a c /a 0 → ∞.
Einstein equation and generalized Bianchi identity. The Einstein equation coupling to the total energy-momentum tensor T ab of matter fields is
The covariant differentiation of Eq. (13) 
(Λ) ;b = (Λ) ,b and (G) ;b = (G) ,b . Suppose that the gravitational Λ-term does not exchange any mass-energy with matter fields for two cases: (i) the energy-density ρ Λ is too small to energetically create particles and antiparticles in the present universe; (ii) the energy density ρ M of particles and antiparticles is very high and comparable with ρ Λ in the early universe. In these cases, Eq. (14) reduces to the energy-momentum conservation of matter fields (T b a ) ;b = 0 and relation
The variations of Λ and G are not related in the pure gravitational case without matter fields.
Matter fields in RHS of Einstein equation (13) are usually described by a perfect fluid with
the cosmological term Λg ab in LHS of Einstein equation (13) clearly has its gravitational origin as discussed above. Nevertheless, by analogy with a perfect fluid one could describe the Λ-term as a dynamical dark energy [16] in RHS of Einstein equation (13) by using T ab
In our case of both G and Λ dynamically varying, Eq. (15) is fully obeyed with ω Λ ≡ −1, which is also the case for both G and Λ being constants.
The universe evolution with varying G and Λ. In the Robertson-Walker metric with the scaling factor a(t) ∝ ξ/ã(t), U 0 = 1, U i = 0, T 00 = ρ M and T ii = p M g ii , the time-time and space-space components of the Einstein equation (13) yields,
As usual, the Hubble rate H =ȧ/a and the "time"-variable x = a/a 0 = 1/(1 + z). z 0 = 0 and a/a 0 = 1 at the present time; z > 0 and a/a 0 < 1 before the present time; −1 < z < 0 and a/a 0 > 1 after the present time. Indicating the values of variables at the present time by subscript or supercript "0", we rewrite Eqs. (16) and (17) as
and the deceleration parameter
where
for matter fields. In addition, the relation (15) or (14) of gravitational and cosmological constants reads,
which actually relates Eq. (7) to the β-function β Λ ≡ µ∂Λ(µ)/∂µ by β Λ = −8πG 0 ρ M β(g) < 0 or
where β M ≡ µ∂ρ M /∂µ and β a ≡ µ∂ ln a/∂µ.
Using Eq. (12), in the scaling region we integrate Eq. (21) over "time"-variable x from/to the present value a = a 0 , and obtain the evolution of cosmological constant
where ln(a 0 /a) ≪ 1, κ = 3(1 + ω M ) − δ G > 0 and the definite relation from Eq. (21)
showing the parameters δ G and δ Λ are not independent. Eq. (24) shows that in the past a < ∼ a 0 , a ր a 0 and Λ ց Λ 0 .
For the case of low redshifts z < ∼ O(1), ln(a 0 /a) = ln(1 + z) ≪ 1, and the indexes δ G < 1, (12) and (24) yield
and (Ω Λ /Ω 0
Λ . The correlation of gravitational and cosmological constants is
depending on the values Ω 0
consistently with Eq. (21). Correspondingly, Eq. (18) is approximately replaced by
in contrast with the ΛCDM equations (δ G = δ Λ = 0), the same discussions apply for the deceleration parameter (20) and the luminosity distance
The relations (25) and (29) can be examined [13] by using the measurements of low redshift (z < ∼ 1) cosmological observations, e.g. Type Ia supernovae.
In this scenario, the time evolutions of gravitational constant G/G 0 and cosmological constant Λ/Λ 0 depend on one parameter δ G in Eq. (12) . In order to gain some physical insight into these time evolutions, and their impacts on the cosmological parameters, we chose as an example ω M ≈ 0, δ G ≈ 0.06 and k = 0 for illustrations. In Fig. 1 In the remote future a/a 0 ≫ 1, z → −1 + 0 + , Eqs. (12) and (24) show that
Eq. (18) implies that the universe possibly undergo a very slow "inflation" a ∼ a 0 exp (H 2 0 Ω 0 Λ ) 1/2 t ≈ a 0 exp (t/10 18 s) , approaching to a c /a 0 = ∞ in a constant acceleration q → −1 + 0 + .
The UV-unstable fixed point and inflation. To end this Letter, we preliminarily discuss on the possibility that inflation can occur in the neighborhood of UV-unstable fixed pointḡ c = (4/3)Ḡ c /G 0 ≈ 0. Suppose that the β-function (7) be given by β(ḡ c ) = 0 and
where we treat the perturbation resultν ≈ 1/2 and treat the characteristic couplingḡ 0 =Ḡ 0 /G 0 > ∼ 0 and lengthã 0 ≈ξ (Λ 0 ∝ξ −2 ) as parameters to be fixed. The corresponding densitiesρ 0 fixed point for inflation. At these energy scale and coupling, the Λ-term should be energetically large enough to create particles and antiparticles. In this situation, we have to consider the energy-mass conversion from the Λ-term to matter fields by using Eq. (14) together with the Einstein equation.
We shall study (i) how inflation starts and ends with the right number (amount) of e-foldings 
